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Additional syntheses
General methods. Compounds 6, S1 9, S2 10 S3 and 13 S1 were prepared according to established procedures. All other chemicals were purchased from standard suppliers. Reactions involving oxygen and/or moisture sensitive reagents were carried out under an atmosphere of nitrogen using anhydrous solvents. Anhydrous solvents were obtained in the following manner:
CH 2 Cl 2 was dried for several hours over CaH 2 and was distilled and stored over activated molecular sieves (3 Å) or was purchased in HPLC quality and dried with a solvent purification system MB SPS 800 and stored over activated molecular sieves (3 Å), i-PrOH was degassed and dried over activated molecular sieves (3 Å) , pyridine was dried for several hours over CaH 2 and was distilled and stored over activated molecular sieves (3 Å), t-BuOH was degassed and dried over activated molecular sieves (4 Å), THF was purchased in HPLC quality, dried with an MB SPS 800 and stored over activated molecular sieves (3 Å), toluene was purchased in HPLC quality, was degassed and dried over activated molecular sieves (4 Å). All other solvents were of technical quality and distilled prior to their use, and deionized water was used throughout. Column chromatography was carried out on silica gel 60 (0.040-0.063 mm, 230-400 mesh ASTM, VWR) under flash conditions. TLC was performed on aluminum plates precoated with silica gel 60 F 254 (VWR). Visualization of the spots was carried out using UV light (254 nm) and/or staining under heating (H 2 SO 4 staining solution: 4 g vanillin, 25 mL conc. H 2 SO 4 , 80 mL AcOH and 680 mL MeOH; KMnO 4 staining solution: 1 g KMnO 4 , 6 g K 2 CO 3 and 1.5 mL 1.25 M NaOH solution, all dissolved in 100 mL H 2 O; ninhydrin staining solution: 0.3 g ninhydrin, 3 mL AcOH and 100 mL 1-butanol). 500 MHz-1 H and 126 MHz- 13 C NMR spectra were recorded on Avance-500 spectrometers. All 13 C NMR spectra are 1 H-decoupled. All spectra were recorded at room temperature and were referenced internally to solvent reference frequencies wherever S3 possible. Chemical shifts () are quoted in ppm, and coupling constants (J) are reported in Hz.
Assignment of signals was carried out using 1 H, 1 H-COSY, HSQC and HMBC spectra obtained on the spectrometers mentioned above. Low resolution ESI mass spectrometry was performed on a Thermo Scientific Spectra System spectrometer operating in positive ionization mode. High resolution (HR) ESI mass spectrometry was carried out on a Bruker microTOF spectrometer or a Bruker 7 T FTICR APEX IV spectrometer, on a Bruker time-offlight (TOF) spectrometer maXis 4G or on a Bruker TOF spectrometer MicroTOF-Q II.
Melting points (mp) were measured on a Büchi instrument or an a Barloworld instrument and are not corrected. Optical rotations were recorded on a Perkin-Elmer polarimeter 241 with a Na source using a 10 cm cell (concentrations in g/100 mL) or an a Krüss Optronic Germany polarimeter with a Na source using a 5 cm cell (concentrations in g/100 mL). Infrared spectroscopy (IR) was performed on a Jasco FT/IR-4100 spectrometer equipped with an integrated ATR unit (GladiATR, PIKE Technologies), on a Vertex 70 spectrometer with an integrated ATR unit (PlatinumATR, Bruker) or on an ALPHA spectrometer with an integrated ATR unit (PlatinumATR, Bruker). Wavenumbers () are quoted in cm -1 . UV spectroscopy was carried out on a Perkin-Elmer Lambda 2 spectrometer, on a Jasco V-630 spectrometer or on a Agilent Technologies Cary Series 100 UV/VIS spectrometer.
Wavelengths of maximum absorption ( max ) are reported in nm.
General Procedure for Koenigs-Knorr glycosylations. The reactions depicted in Table 2 were performed in the following manner. To a cooled solution (-40 °C) of glycosyl acetate 14 in CH 2 Cl 2 (80-100 mM), TMSBr was added dropwise and the mixture was stirred for 1 h while it was allowed to reach rt. The procedure was repeated as indicated in Table 2 and the solvent was then evaporated under reduced pressure. To a cooled solution (-20 °C) of the glycosyl acceptor in CH 2 Cl 2 (15-40 mM) with freshly acctivated molecular sieves (4 Å),
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AgOTf was added and the mixture was stirred for 1 h. It was then warmed to -10 °C and a solution of the glycosyl bromide (prepared as described above) in CH 2 Cl 2 was added dropwise. The mixture was stirred at -10 °C and then eventually allowed to warm to rt. NEt 3 (3-5 mL) was added to quench the reaction, the resultant mixture was filtered through Celite ® and the Celite ® was washed with CH 2 Cl 2 . The combined filtrates were washed with sat.
NaHCO 3 solution, dried over Na 2 SO 4 and evaporated under reduced pressure. The resultant crude product was purified by column chromatography (iso-hexane-EtOAc, 7:3) to give the products listed in Table 2 .
General Procedure for glycosylations with trichloroacetimidate 15. The reactions depicted in Table 3 were performed in the following manner. To a cooled solution (0 °C or -10 °C) of the trichloroacetimidate donor 15 in CH 2 Cl 2 (35-40 mM) with freshly activated molecular sieves (3 Å), the glycosyl acceptor was added. A solution of TMSOTf in CH 2 Cl 2 (1%) was added dropwise. The reaction mixture was stirred at the indicated temperature for 1 h at 0 °C and then a solution of TMSOTf in CH 2 Cl 2 (1%) was eventually added dropwise again (see Table 3 for the respective reaction conditions). The reaction was quenched by the addition of sat. NaHCO 3 solution and the mixture diluted with CH 2 Cl 2 . The aqueous layer was extracted with CH 2 Cl 2 . The combined organics were dried over Na 2 SO 4 and evaporated under reduced pressure. The resultant crude product was purified by column chromatography (iso-hexaneEtOAc, 7:3) to give the products listed in Table 3 .
General Procedure for glycosylations with thioglycoside 16. The reactions depicted in Table 4 were performed in the following manner. To a solution of the thioglycoside donor 16
in CH 2 Cl 2 with freshly activated molecular sieves (3 Å), the glycosyl acceptor was added and the mixture was cooled to -15 °C. DMTST was added and the mixture was stirred under the S5 conditions listed in Table 4 . The reaction mixture was then cooled to -15 °C, the reaction was quenched by the addition of sat. NaHCO 3 solution (3-5 mL) and the mixture then diluted with CH 2 Cl 2 . The organic layer was washed with NaHCO 3 solution and the aqueous layer was extracted with CH 2 Cl 2 . The combined organics were dried over Na 2 SO 4 and evaporated under reduced pressure. The resultant crude product was purified by column chromatography (petroleum ether-EtOAc, 7:3) to give the products listed in Table 4 .
N-Cbz-protected (5'S,6'S)-nucleosyl amino acid 2 2
To a cooled solution (-60 °C) of CbzCl (9.9 µL, 70 µmol) and NaHCO 3 (31.8 mg, 379 µmol) in THF (2.5 mL), a solution of (5'S,6'S)-nucleosyl amino acid 9 S2 (38.0 mg, 63.1 µmol) in THF (2 mL) was added dropwise. The mixture was stirred for 3 h and then allowed to warm to rt. The solution was diluted with EtOAc (70 mL) and washed with sat. NaHCO 3 solution
(1 x 70 mL). The organic layer was dried over Na 2 SO 4 and evaporated under reduced -4.6, -4.5, -4.3, 18.1, 18.2, 25.9, 26.0, 28.0, 57.9, 67.4, 71.0, 73.1, 73.2, 83.3, 85.5, 94.2, 102.4, 128.3, 128.4, 128.7, 143.0, 150.1, 156.6, 162.6, 169.4 
N-Cbz-protected (5'S,6'R)-nucleosyl amino acid 3 3
To a cooled solution (-60 °C) of CbzCl (13.0 µL, 92.0 µmol) and NaHCO 3 (42.0 mg, 500 μmol) in THF (4 mL), a solution of (5'S,6'R)-nucleosyl amino acid 10 S3 (50.0 mg, 83.0 µmol) in THF (3 mL) was added dropwise. The mixture was stirred for 3 h and then allowed to warm to rt. The solution was diluted with EtOAc (120 mL) and washed with sat. NaHCO 3 solution (1 x 120 mL). The organic layer was dried over Na 2 SO 4 and evaporated under reduced pressure. The resultant crude product was purified by column chromatography (petroleum ether-EtOAc, 7:3) to give 3 (50.0 mg, 81%) as a colorless solid. Mp 81 °C. TLC: -4.8, -4.8, -4.4, 17.9, 18.0, 25.8, 25.8, 27.9, 58.0, 67.2, 69.9, 72.4, 73.6, 83.2, 84.8, 92.6, 102.1, 128.1, 128.3, 128.5, 136.2, 142.0, 150.2, 156.9, 162.9, 169.0 To a solution of the glycosyl donor -18 (58.0 mg, 185 μmol) and the (5'S,6'R)-GlyU-derived acceptor 3 (102 mg, 139 µmol) in CH 2 Cl 2 (6 mL) with freshly activated molecular sieves (3 Å), NIS (54.1 mg, 241 µmol) was added at rt under exclusion of light. Over 10 min, TESOTf (17 µL, 74 µmol, 1% solution in CH 2 Cl 2 ) was added dropwise. The reaction mixture was stirred at rt for 15 min before ice (10 g) was added and the mixture was allowed to warm to rt again. It was then diluted with CH 2 Cl 2 (150 mL) and the organic layer was washed with 10% Na 2 S 2 O 3 solution (1 x 150 mL), sat. NaHCO 3 solution (1 x 150 mL) and brine
(1 x 150 mL). The organic layer was dried over Na 2 SO 4 and the solvent was evaporated under reduced pressure. The resultant crude product was purified by column chromatography -3.7, 7.7, 8.5, 18.1, 18.1, 25.9, 26.0, 28.1, 29.1, 29.3, 53.1, 58.6, 67.3, 71.0, 75.0, 76.6, 82.0, 83.2, 83.5, 85.4, 86.4, 90.8, 101.5, 112.8, 117.8, 128.4, 128.7, 128.8, 136.4, 140.0, 150.0, 156.7, 163.0, 168.5 
N-Cbz-L-threonine tert-butyl ester 12
12
A solution of N-Cbz-L-threonine 11 (1.00 g, 3.96 mmol) and t-BuOH (5.00 mL, 53.3 mmol) in toluene (20 mL) was heated to 110 °C. At this temperature DMF-dineopentyl acetal S9 (3.00 mL, 10.8 mmol) was added dropwise over 30 min, and the reaction mixture was stirred under reflux for 5 h. After cooling to rt, the yellowish solution was washed with sat. Na 2 CO 3 solution (2 x 20 mL) and water (2 x 20 mL). 
1-O-Acetyl-5-azido-2,3-O-(3'-pentylidene)-5-deoxy--D-ribose 14
14
To a cooled solution (0 °C) of 5-azido-2,3-O-(3'-pentylidene)-5-deoxy-D-ribose 13 S1 (100 mg, = 7.7, 8.5, 20.7, 29.4, 29.7, 53.1, 82.3, 85.9, 86.9, 102.8, 117.5, 168 = 7.6, 8.5, 29.3, 29.6, 52.8, 82.1, 85.6, 87.8, 91.4, 107.2, 117.6, 160 .2.
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Variant 2: At 0 °C, the reaction was quenched by addition of sat. NaHCO 3 solution (3 mL), and the mixture was warmed to rt, filtered and diluted with CH 2 Cl 2 (50 mL). The organic layer was washed with sat. NaHCO 3 solution (1 x 60 mL), dried over Na 2 SO 4 and the solvent was evaporated under reduced pressure. The resultant crude product was purified by column chromatography (petroleum ether-Et 2 O, 9:1) to give -16 (7.0 mg, 30%, containing some residual petroleum ether and grease) and -16 (8.1 mg, 34%) as colorless oils. -16: TLC: = 7.8, 8.5, 14.7, 25.3, 29.5, 29.6, 53.0, 83.3, 86.3, 86.7, 89.9, 117.8. IR (ATR): ν = 2972 , 2930 , 2099 , 1460 , 1263 , 1168 , 1080 .
Azidoribosyl n-pentenyl glycosides α-18 and β-18
To a cooled solution ( = 8.6, 8.7, 29.3, 29.6, 29.6, 30.8, 52.2, 67.9, 80.6, 81.6, 81.7, 102.3, 115.0, 120.5, 138.5 = 2972, 2930, 2098, 1272, 1171, 1154, 1087, 1060, 993, 915 = 7.8, 8.6, 29.1, 29.4, 29.7, 30.6, 53.8, 67.4, 82.8, 85.9, 86.0, 109.4, 115.1, 116.9, 138 = 2974, 2939, 2097, 1272, 1091, 1060, 1043, 1010, 966, 921 cm -1 .
Ribosylated N-Cbz-L-threonine tert-butyl ester 20
20
The glycosyl donor -18 (14.4 mg, 46.2 μmol) and N-Cbz-L-threonine tert-butyl ester 12
(10.9 mg, 46.6 µmol) were coevaporated with toluene (2 x 5 mL) and dissolved in CH 2 Cl 2 with freshly activated molecular sieves (3 Å) being added. NIS (15.0 mg, 66.5 µmol) was added at rt under exclusion of light. Over 10 min, TESOTf (3.0 µL, 13 µmol, 0.5% solution in CH 2 Cl 2 ) was added dropwise. The reaction mixture was stirred at for 10 min and the dropwise addition of TESOTf (3.0 µL each, 13 µmol, 0.5% solution in CH 2 Cl 2 ) with subsequent stirring for 10 min was repeated twice. More NIS (10.0 mg, 44.3 µmol) was then added and the reaction mixture was stirred at rt for another 10 min before ice (5 g) was added and the mixture was allowed to warm to rt again. It was then diluted with CH 2 Cl 2 (70 mL) and the organic layer was washed with 10% Na 2 S 2 O 3 solution (1 x 50 mL), sat. NaHCO 3 solution
(1 x 50 mL) and brine (1 x 50 mL). The organic layer was dried over Na 2 SO 4 and the solvent was evaporated under reduced pressure. The resultant crude product was purified by column = 7.8, 8.6, 16.1, 28.0, 29.3, 29.6, 53.4, 59.8, 67.2, 72.6, 82.0, 82.8, 85.7, 86.3, 106.7, 117.1, 128.4, 128.6, 128.7, 137.2, 156.9, 169.7 
Ribosylated (5'S,6'S)-nucleosyl amino acid 21
21
To a solution of the protected ribosylated (5'S,6'S)-nucleosyl amino acid 4 (36.5 mg, 38.9 μmol) in THF/toluene (1:1, 3.6 mL), PPh 3 (30.0 mg, 114 μmol) and water (34.2 µL, 1.90 mmol) were added and the reaction mixture was stirred at 50 °C for 4.5 h. At 0 °C, Boc 2 O (33.1 mg, 152 μmol) and NaHCO 3 (6.40 mg, 75.9 µmol) were added, and the mixture was stirred at rt for 1.5 h. It was then diluted with water (50 mL) and the aqueous layer was extracted with EtOAc (1 x 50 mL). The organic layer was washed with brine (1 x 50 mL), dried over Na 2 SO 4 and the solvent was evaporated under reduced pressure. The resultant crude product was purified by column chromatography (petroleum ether-EtOAc, 3:1) to give
